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(54) POSITIVE ELECTRODE ACTIVE MATERIAL COMPOSITION FOR LITHIUM SECONDARY BATTERY AND 
MANUFACTURE OF POSITIVE ELECTRODE USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To extend the life characteristic by including a positive electrode active material 
containing a lithium composite metal compound and an additive selected from the group consisting of semimetal, 
metal and oxides thereof. 

SOLUTION: A positive electrode active material is generally formed of manganese series excellent in 
environmental affinity and relatively inexpensive such as LiMn204 used for lithium secondary battery, cobalt 
series having satisfactory electric conductivity, high battery voltage and excellent electrode characteristic such 
as LiCo02, or nickel series showing high discharge capacity characteristic and economical such as LiNi02. Of 
each system, the usable positive electrode active material is selected from 3V-class or 4V-class lithium 
secondary battery positive electrode active materials of a prescribed compound group according to a 
characteristic and use. The positive electrode active material composition further contains a semimetal, a metal 
or the oxide thereof in order to improve the discharge capacity and the characteristics of high rate charge and 
discharge condition and long life, particularly, the life characteristic under high temperature condition. 
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2 t Jt J; ^ s *ffiM4 <7)iEfi{i S i f/jWlEffic?) 

40IEffilCS i *s#^EtS^: fc{±H4t^L!tEDX4)- 
$f (Energy Dispersive X-ray Analysis) ^^77&lix 

tLiJS i e-^'3&J#ftt-S:: i:fcJ:-^T*]ifeM40iEffi 
Wis i3&5#ftt--?.ifc*^'^5-*^-i.o CifLtMtTibt^J 
3 OE D X^$f 7 7 1. 0 5 1{± S i h - 
t^V^(^T'Jt«3c7)]Effit{iS i *il?St^V^^ tA^ 

[ 0 0 5 4 ] 5E1I§ix/iiEffivSi)®«tl^5gtt 
t5iig-tS!^o:fefc. ^WJ4at;fJ:bWJ3c0^rftTgji 
S^lit€?l!5S:4.3Vti3Mt:t^. DSC (Different 
ialScanning Calorimetry) T-aigtT-eiOSS&iie 

[00 553 mmA<rmtx\fsmm.mMt 

0.0175 gt'S^ O , ifcWiJ3C0«ffi-e{iiE'KStlR 
M{40.0 239gT&-5fc, itlfcML. *ftM4 
<nmmt 114inAh/gT-S>D. ibSIJlJ 3 C7)ll?fit± 
1 0 3mAh/gT-J>-5;^c. "T^*)-^, ^ffiW4cDl:?i 

[ 0 0 5 6 ] t . SI6 tS^ Lf^ i 3 1 , Si ^vgsSD^ 

Kt:mm\A(rmmtmb>i~'7ifmf£\^wM. s i 

«n § ^^T V V ^mm 3 cTjiESJi^ii t - ^ Six 

^^^=&L i 1 _ « M n O4 (n^mk-M-fh i fc t= i -3 
T«».«t^JifciS-&tTV^.Sll« (Mn-0) 

[ 0 0 5 7 ] t^c. B{fi3*]||0iJ4RufJtWJ3<7):^ffi-c 



Lx^(m^m7{z^3kLrz, ^ti^-ticomm^4.3 
v~3.ov(7)ra-f 0. ic*-^o. ic (mi) , 0.2 

C^0.2C (30) . 0.5c*— >0. 5 C (10 

m) . ic^ic i8 6m)^-S(m&&^mt^^x 

mUzi. 0 ii»j4<7)^?ittK:ga ( 5 o°c) mi 

c^m. 1 c-^</)mm-mM<^^^x%mm^b'm 

ftig ( 5 o°c) st/'i 1 cjwi<7)»¥«l;c?) 
m^xms o^-t ^^MkammmMi,zm'>tim 
t-h. Ltzifi-iX. ^wncnwimifrnmamz^.^ 
x-mmM(^mx'^'&x'h K) . mMm-ti^'>^j:^^fz 
nx-^j:<m^ff)mm^m.iix^^6 ^ t » 

[0058] mmm s ) mmmnfrnz s i m*sr 
mssmmM(7)mA(05ma.%<^a.x-m\ittz:: t ^ 
m^xmsmmAtm-izmmLtz. 

[0059] (mm 6 ) jEwsmmiz s i m*^ 
]Effiffiti®s*<^a»<o 1 omM%<r)mx'm\iUz;it 
m\'^xi±mmm4tm-'i,zmLi:i, 

[0060] mmm5T]m6mmm3(7)ifmx' 

gcOXRD^N°:?-y (=§-^[18(7)b, c){4Sih°-i5' 

imti6i}\ itmismmxMit^tifziEtmxRD 

m-V (ia8c7)a) {±S i \^~-ymmfj:\^Z.):.t^^ 

t-^h. Lfzif'>x. mmisjb's.ecniimxmmtitz 

lEfficom W4 S i A%4ixT V ^ S C: i; A^^^^S . 
[006 1 ] {mim\ 7 ) Xf-l^ h , 
■^;P;!!?-5i^'4^-h&l^TohV>';&-;j<':t>-h (4 5 : 
4 0:1 SftWJt) COM-^*ilM=l . 3MiDL i P 

*W4i:|Hl-t»lit>^c. 

[0062] {imMA ) ai^Vy^i-^sTi-^-Y. 'J^ 
h&t/rnb°^y;i?-rft':t— b (4 5 : 
4 0:1 5*mJ:b) 1 . 3MiOL i P 

mmstn-^zmmLtz, 

[0063] mmmm7m]mmAff)-jimxM&^ 

OiS«^H 9 tCi^ t:^^ . ^K^-flffimk^ 4 . 3 V~ 3 . 
OVt^^HT-O.lC^O. IC (1111) , 0.2C<^ 
0.2c (30) , 0.5C^0.5C (100) . 1 

c*->ic (8 60) x-mmmtrnt^^ximm 
L-^£ifihmmmm.xfm^m%Lfz. m9\,z7^Lfz 
1 0 mmmiffimmmsL ( 2 o-o s.t/i 

ifi^{zWL'Jrth^hmti-h, Ltzt^-yX. ^%m<D 

m^m^^mmzm^^x-Mmmm^mx-'m 
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[0064] (HSfefijS) LiNio -9 Coo .1 Sr 
0.0 0 2 O2 {HonjomiEmmm^bSi 

p ) & N ^/i-en u K ymmm tTinvsti 

laitftarA 1 *-^;P±fc»L:^c. iESai)«;^7 U- 
mSIWrnM^ilfzA 1 1 2 0°C:t-7">-t'3 

;(7-;K^^-hfci^';^f-;l^;*-;l<^'«-b ( 1 : l#«Jt) 

1 M<^L i p Fe mm^titzmmv. 
[0065] {mm9 ) s i m.ffimim:wmk 

[0 0 6 6] (itWJ5) LiNio .9 Coo -1 Sr 
0 . 0 0 2 O 2 ( H o n j oih) jEffi^SftH©*^ AW 

p ) ^ N ^/L-en u F ymmi<zmM Lxw&mm 
wxyv-mm^:mLtz, mmmmf^^. 'My 
^-mmm\(r>m^'m\iSMc(:9 4 : 3 : 3 1 1 

A 1 1 2 0*C:t-7'y-C3I«ra. ^t/Sf^. 

TVi^yifVxwm'mLtt. ^'S^id^-mh l i 

[0067] (^Wl0)LiCoO2 (Nippo 
n Chemi c a la. ffip°a^: C-1 0) IE®?S!fe 
WMfc s i tf^, icon*, s i ri*«08s 

^mt'Uyy- {y-yitt^-VTymm) mmmi 

( x-^ P ) k Sr N - ^ ^;i^b° n ij H ymWAzmta L 

XiEmmmmyv-mmz:WMifz. sEmmm^ 
*k s i mMt<DU^m : A^ yjr- : mmi<^M^it 
mimmx'9 4 : 3 : stu^. mk^tu-z-mm 
mxy v-mmiA 1 ;u±ti^t^. lEmmt 

®X9 i;-fflfigtl*MSix^A 1 1 2 0^:t 

( 1 : iMJt) 1 MCOL iPFet^ 

mm^titzmmmmm lx-^a y^^ro^^mm^m: 



[0068] {mmm 1 1 ) s i m'M<nmwmiEW& 
ikmm*.(r>5mM%\<zm.Lfz^b m^^xumm 
mmiobm-^zmmLfz. 

[0069] (Jticl^Je) LiCoOj (Nippon 
Ch em i c a la. ffinl,^ : C- 1 0 ) iEffiStiK 

m^fcAM yf- (yviv^-')Tymm mmmi 

( xwt- p ) k ^ N f-;H^ n U F ySi^ttt t 

/uyy-mfmmm%-^m'\mM.Ytx9A ■. 

3:3bLfz. gjiSiifcIESSMx^U-IMift^ 

A 1 a-sA )v±.^zmiLtz. jesswx^ u 

MJ^tL/tA 1 ^-^^L-S: 1 2 0°C:t-7>T-3B#PHl fa 

^surf^. r\yi^yifLxwm:mmuz. mm.^tifz 
mm^Ltz. 

[0070] mmmsmmm5(^ijmxmk^ 
fdM.<r)im^^m.<mm:m% lx ^^m^^ 

iai0tC*t!t. '?-ix-fiX<0€?fi&4.3V~3.0V<:0 
F^TO.IC^O.IC (IHI) , 0.2C«-^0.2C 
Om) , 0.5C^0.5C (10®) . 1C*-*1 

c ( 5 1 HI) ximMm.^^^^^xmML-^£ifi^ 

l|?ffic7)^»avW^&fil^ Lfz. mi 0{z5rsLfzlo 
»6«8omMti 1 C5Em. 1 cm€£7)ift¥?EK« 
l-if-^ 9Mk^Zio. miAOmhh/sXh-o 
fz^mi^!jl 1 5mAh/gh%t:"?ife!'-L^rA^-:./c. 
soRffi. JtKM5c7)l;^f(i:iC3Efl;. 1 cai:(7)l«*3t 
S«c0^ftT-5 9lVmz[i^ |1jl40mAh/g 
T-J>-:.f^^ft*i'f^j5 0 mAh/g b^M^zWJ'-Ltz. L 
fzii^-j X , *%0Jc7)vS«3&^'1M*c7)att®(cJ:tA;T ft* 

[ 0 0 7 1 ] mmsmmmsmmx-m. 

$i^7t«^fi^4.3Vfc5E«U^f^. DSC (Different 
ial Scanning Calorimetry) WMLX ^(D^^tMl 
1 t^S^L/t. la 1 1 liZmLtzX ol,z. Si ifimM^titz 

m.tmizx>oimi. mx-i'cTimm^A-^^^mf 

X\ 'R^X'hhZbmti^h. 

[ 0 0 7 2 ] iiii0!i8<^mfi<^Km^mK ( 2 

1 8"C) *sifc!BE^J50«» ( 2 0 2-0 J; -m. 

m^z-^s^Wf^imm&mi^ 1 1 _ , c o 02 Sit^ 
^L. ;i(r3^o-^j:m.^^-tmmmm^zym%x' 
hmx-m.^BfMf^bm^Lx^.^mm (co 
-o) mm^fih. ^<ni:oi<z-^m^fitzmm\mm 
nmx-mmmbKmLx'im-thii^fit^hhnx-. m 
m-^m<^^im^ni\m^ ^{a b^mm b coKmm^'}'- 
^j:\^tz)mm^)!m^wp>^-^£\^^bmi}^h . vtzu^ 
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[ 0 0 7 3 ] t fc. mm9-^i 1 o:6-St«Si§iT^ 

«mi0»at'O5EScWl^i0#tti: DSC tilg U-t t 

WfiX\<^hZ.hifi^1}^^, 

[0 0 74] (^M12) jESStl^tLTLiNi 

0 - 8 8 Coo -1 2 Lao -0 1 02©*?:ffiJlLfcC: 

[0075] (JtK^J7 ) ISSWfc LTL i N 
io -8 8 Coo -1 2 Lao -o i O2 r;3'*SrffifflL/2 

[0076] mmmm 1 2 hmmi ff)ijmxm^^ 

fitcMMffi'B^ ( 2 0°C) T<7)3aiSt«*^1ttt<7)'^** 
il5lLT-?-<7)fe*S:012(C*Uv:. ^ti^tlffiVm: 
4.3~3.0VCO^-C0.2C<-^0.2C (30) . 
0.5C^0.5 (100) s 1C<-*1C (660) 

\<z-m.'mm:^\t-^^ximML^£ifihwm^mR 
xfmm^Ltz. HI 2\,z7hLtM\,z^ mmi2 

CitLtcKLs JtBSM7omi^«3&*ia^fcMi!'^-f--l.i 

[0 0 77] (^lti?lJ13) LiMns O4 (Nikk 

1 tts Wift=& : LM4 ) iEffivStim'*^ S i f/j'* 

tfii-^t!^^. icom, s i 02 f^^commiiiEW:^ 

^- (7>yfbt'r:UTyMJil) &tX««M (;^-^n- 
P ) Sr N f-zweo U H UTjEfiStlW 
U -ffl^HSri^L^. iEii^j§!|«!l«i: S i O2 

94 : 3 : 3fct^>:. M5t§ti^^IE®Stl«^7U-a 

mufmi^titzA 1 1 2 o'C:t-yyf 3lf# 

'm^-^mmm^z i Mi7)L i p Fs mm^tvtz'mm^ 
[0078] mmm 1 4 ) s i 02 mM<^mm^-^ 

iEIS»««J13t|BI-l::Mifib^. 
[0079] (Jtl^JS) LiMns O4 (Nikki 

tts ffiift^ : LM4 ) mm/m-^tJ^^ yf- ( 7 

>y^bb':iyTy«ji) RU^^J (X-yN--P) 
fflO?I-^Jt*{«SJ:bT-9 4 : 3 : 3fc L/i, Mjt^ix 



iEg^S«X7 U -ffl)til*W§tL/iA 1 
&12 0°C:t-7'yT'3l*K. laSUcf^, 7Vi^y^' 

tTiE«i^isit/2. KsstLitiEst L i ±m^m. 

t LTffiffl UT 3 ^ y ^ 7 W«?li!^iljt 1 5t , 
[0080] mmm l 3ai^if:;^giJ8«:^STMji 
§^ijt«?ifi<ois«a ( 5 0-c) ■e«7)^ESc»it!^^ffl^ 

tT-?-c7)^**Hl3tcS^t/i. '?-iT.-fiiiO«-M*4. 
3V'-3.0VcOST'0. IC*— >0.1C (1 HI) . 0. 
2C*— ^0.2C (30) , 0.5C<— »0.5C ( 1 0 

0) . ic^ic (860) xmMms.^mc^'t 
x-mx}^-^£t-^mm'^mjfms^m&uz. m 

3 tH^ Lfc i 3 1 , *%0J!«^ttM 1 3 O^SW^ffl 

<.^/t«?ii4 5o°c. \ Q.im. 1 c&msosaat^'ii* 
5ta«^*frT-8 6-9--^ ^M^\.zmmB^)imh-^j: 

t-nfz. f <7)Kffi, J:bKi?iJ8<7)g«S:ISV^f^««i:5 

o°c. ic^m. 1 c&m«oii^&im^5£a€c7)^^f* 

[00811 L;t*s-5T. imm<rmim.ifiwmmi 
mz^Kx-mBMmmp^mx^^x^h'o. m 
s.(^m^'j'-^j:^^tinx'^j:<m^(Dmmmfix^^t:i 

^^x'ffiumMmm^^^m'^Lfzm^Mi 3 

D . ^fiO«ij'-A^"^J'-^r < x^m'^ifimx\^h i t 

[0 082] (»(S^J15) jESatlKfcUTLiNi 
0 .9 Coo -1 Sro -0 0 2 O2 (Honjott)i^ 

LfzL k mMXimss.m.m 1 3 1 m-i>zm 

[0 083] (l|]iMl6)]EffiffitlSfcLTLiNi 

0 .9 Coq -1 Sro -0 0 2 O2 (Honjott)© 

[0 084] (Jt«0lJ9)]EffiStlKtLTLiN 

1 0 ■ 9 C oq . 1 S r 0 -0 0 2 O2 (Honjolt) 

srffiffl uzzb m\'^xii-m}mm8tm-i,zmmL 

[0085] mmmm 1 5 - 1 6 mmm 9 mm 
x-m.^tifzmmcoKiSiTcDmi.'m^mmmMifz 
tes. mi 3 tmMLfzm:m%^td-z. Ltzti^-ox. 
mm 1 5 <o?giiw**i«s»j^co#tt*WLTi^i. ^ t 

[0 086] (^SilMl7)IES?ift«fcLTLiCo 

02 (Nippon Chem i c a Itt, ffiiS^ : C 

-io)-kmLtz^b m\'^x\mmmm ism 
-\zmmLfz. 

[0087] (»tM18) jESffiWtLTLiCo 
O2 (Nippon Chemi c a la. iSifn^ : C 

-10) ^ffiffl Lfzz. b m^^xitmmmm 1 4 1 h 
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[0088] (Jt^JlO) lESffiWfcLTLiCo 
©2 (Nippon Chemi ca Itt, ffiifii^ : C 

-10) ^rmmttcztm^^xitmimmabm- 
[0089] mssmmi 7~i sRx/mmi om 

^ < xmmmmixx \>^^^t mt-i, . 
[0090] immm 1 9 ) mmmm 1 3 x^^ti 
fz-smmm^nmL. nrnwawtLx^vy^-x 

:^—7iiyyT^^'^— (mesophase carbon fiber:MC 

F) mmLxm^ff^urnxui-^j^-^x-^m^iL (fuh 
Cell) ^m&tfz. 

[0091] (mmi 1 ) mmmmaxmit:^ 
mmmm\'^ti;it m\^xi±mmmm i9hm- 

[0092] m,mmi9mmmi K^-mx-m 
m^ixt:Vi-^M.-d:^mmi^ ( 6 o-c) t-o*^ 

m-<7)mm^2m-f-^i¥-ox$mLtii^cox'h-ox. 
mi4l,z5pLtzi:dlz. s i o 2 *^'^n $ tifzmmm 1 
scovi-^yj^-dz^mi^^s 1 02 A^^^tirv^^rv^ 
u i-^j.-<k-mm^z&Kxmmm^(Dmmm 

mtiX^'^l^bij^M'^, 

[0093] (^»J20) LiCoOz©* (Nip 
pon Chemical tt, fSn'a^ : C - 1 0 ) lES 

fz. C a 0(DmuS.i±L i C o O2 lESStlK 

m*coMioo. immxbLfz. zcom-m. jmv 
p ) t ^ N f-zi-en u K ymwazjjxxmm^ 

mim^y')-iW^Lfz. LiCoOz fcCaOcOS 

fttJtT-9 4 : 3 : 3fcL/S» WM^tlfzXy ^} --^ A 

its4iv±.^zmL. mimkEMLxsm^mmLfz. 

B!fi2««Sr 1 2 0"C:t-7'yT-3lf§raffi#.t/tf^E®L 

Sfc tT#7j<m?St'*.|. 1 Mc7)L i P Fe txf-U-y 
;^-;jf^^-b/i^'^^;L';&-^';T— b (1/1) ^#tf 

[0 0 94] (^Mflj21) CaO»5|5t:0.5ai% 

(nmzm&Li^^ b m\^xmimM2 obn-im 
x^mL^m.Lfz. 

[00 9 5] (»StW2 2) jEfiSllWttrLiMn 
2 O4 (Nikkilts LM4) ^ttfflL. CaOS"5[c 

■k 1 . osi^tDgMDt/tc: k -km\-^xmtmmm 
20 b n-'-^fimx'^wmmm.Ltz. 

[0 0 9 6] (*]!«flJ2 3) jE«g«tLTLiMn 



2 04©* (Ni kk iifc, LM4) SrSffltTCaO 

0 . 5«ft%<?)afc^Jn tTtc: b ^i^t^^TlulE* 

mm2 0 i: n-'-ismx^wMm&Lt:, 
[0 0 97] {mm2A)wm^mbLxhim 

o-gCoo-i Sro.oo2 02^*(Honjo|t 
mi) Srffiffl i t Srl^V^T H?fBllttW2 0 b n--^ 

[0098] (*»J2 5) IESvS«ktTLiNi 
o.gCoo-i Stq. 00202 ®^ ( H o n j o it 

Mp°p) ^ffifflL, c a 0©*^ 0 . Bmixcomzmn 
LtzL b ^:^\>^xmmmm2 o b m-i3mx-'=mm 
wmLi-z. 

[0099] {mmi2) ■^mmm'fiX'hhCB.ot 

mOn L^rV ^ i t ^i^V lulE^tfe^J 2 0 h n-'ffAX^ 
W&ii^Ltz. 

[0 100] (ib»lJ13)#MK«T'S)SC.aO& 

ttb'Srv^c: b •^m<^xmmm2 2 1 n---mx'^ 
wm^Lfz, 

[0101] (itigf^ji 4 ) ^mmx'h^cB.0^ 
»L^rv^i t ti^v^T B!nB^)iM2 4 b n-mx'^ 

[0102] mmm 23 b mm 1 3 io«fflsijtffl« 

V/i^^^)V:f]-m^- Mtmt-^-SS-lirD S C 

^^xm^'&^'&.tmmLfz. ^^75^*^01 5 test 

/i. »^<i^J2 3(7)ffi«c7)^, 2K|!tOKJS3&^B1ttf^ 
i b ifmrC% !> = * D . t-f «t#^Et S C a O 

bmm&<^mzi'^xwim^~'^timi. w^^xc a 
o t Rjs t #3nT-§ -r tag t T V ^ s wi-ffi k 

^^iEffiSll«-C*I.L IMnj O4 bffim^zXimi 
e-^S-S^tfe, itHCJt^Tifcl|g^Jl3<^ffi«<:0«^ 

(c«3E«§tL;ti»>i^.ite-r.i.02 b'mw.bffim 

ti-pt 2 5 0"C|iffiSt'^U~^'^Wti«SiX!t. 
[0103] Bul2Slil*?iJ2 3<?)3>f y^^rm-'m.\,z 

nLX. 4.3~3.0V<7)|gH-C0.1C. 0.2C. 
0 . 5 C&tif 1 C {zm^^mt^^tct^hmSL { 2 0 
'O RXfMU ( 5 O-C) T\ 1 0 OE]^&«&»fiL, 

scm^s^ai^L^ctes^ai 6ts^t/c„ m ets 
tfc i a ^M0ij2 3<DiEmm'm^m^tzmmim 

S ( 2 O-C) at/ftS ( 5 0°C) -f^»cOMii'^;^)^'i!'->=S:>'^ 

Sfe0ii22. 2 3mmmi3(Dzi^yi^^7'mwM 

t:^L4.3~3.0V<?5iEH-eO. IC, 0.2C, 0. 
5 CRJ/ 1 C {^mSS&^^S-t ^r3{i«'5 5 0 °CT' 1 0 0 

mmMt:mL. ^mmmmuzmmmi7i,z 

9pUz, 

[01 04] HI TtS^Uciat. mm2 2RXf2 

3 £7)ifiliffi*iJ:bK^J 1 3 iOm^^Jt^Tftiat'O-t^ ^ 

[0105] 
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[HI ] *wM(Dmmmimmmi^z^-oxmm^ 

~d:W,W^lEUC0 S E M^MTh h . 
[H3] iUMBtJ:-? 
TSSt:5ii!t U f-"^ AZ»«?MjEfiico S E M^-eSi 
S. 

[114 ] 3|s:^BHOieii0!l4tJ:-5TSSt§tL:tjEfficOE 
[15 ] JtWJB tJ:'?TM3i§^LfciEffi<7)EDX«0^ 
[06 ] *^0jom«4at;fJtWai3{cJ:-5TMJi§ 

[US] 3|s:^0flc7)^ffi0iJ 5 j3 J:t^ 6 J: o TSSiS tWz 



[09 ] ^m<^mmm7&ifsmf^i4 1 j; otSeS 
[HI 1 ] *%m(mmm8Rx/mm5i,zx-oxm^ 

yyyX'hh. 

mi2^ifmmmmmi 2mmmi^zi:->xm. 
[ H 1 3 ] ^%mmmm i smmmaizt^xm 
[014] :^m(omm 1 9st^Jti^j 1 1 1 j; 

tTTsUzi^yyX^h. 

3Sffl«fc^S D S C<m'M<^mm:^^hfzify yx- 

[HI 6 ] ^mMcomtm]2 3^zX'^xm^^tiizzi^ 
y^-ir^mm^zmr^^-iM, ( 2 o^o aximWi ( 5 
0°C) xm^m'i&.t:mLtzyyyxhh. 
mni mm\22mf22bm.mi3^zi:'^xm 
M^f\fz^-iy-s>-iy°^MMzn-th 5 ccT-coi^ffl^ 
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FIG.5 
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FIG.7 
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FIG.9 
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FIG.12 
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